ABSTRACT Introduction: Brazilian spotted fever (BSF) is a disease transmitted by ticks for which the etiological agent is Rickettsia rickettsii. The present essay evaluates the risk factors associated with the transmission of cases of BSF in the time period between 2003 and 2013 in the Piracicaba river basin, state of São Paulo. Methods: This essay presents a retrospective study to identify the factors associated with the transmission of cases of BSF among all suspected cases identifi ed by the System for Epidemiological Surveillance of São Paulo (CVE). After the description of temporal distribution (onset of symptoms) and the environmental and demographic variations of the confi rmed and discarded cases, a multiple logistic regression model was applied. Results: We searched 569 probable locations of infection (PLI) with 210 (37%) confi rmed cases of BSF and 359 (63%) discarded cases. The associated variables for the confi rmation of BSF in the multiple logistic model using a confi dence interval (CI) of 95% were age (OR = 1.025 CI: 1.015-1.035), the presence of Amblyomma sculptum in the environment (OR = 1.629 CI: 1.097-2.439), the collection of ticks from horses (OR = 1.939 CI: 0.999-3.764), the presence of capybaras (OR = 1.467 CI: 1.009-2.138), an urban environment (OR = 1.515 CI: 1.036-2.231), and the existence of a dirty pasture (OR = 1.759 CI: 1.028-3.003). Conclusions: The factors associated with the confi rmation of BSF cases included an urban environment, age, presence of the A. sculptum vector, the collection of ticks from horses, the presence of a capybara population, and a dirty pasture environment.
Brazilian spotted fever (BSF) is a disease transmitted by ticks for which the etiological agent is Rickettsia rickettsii, a strictly intracellular gram-negative bacteria. On the American continent, this disease has been reported in various countries and has become a relevant public health problem (1) (2) . BSF is a unique rickettsial disease that has been reported in Brazil since 2001 (3) . An increase in the number of notifi ed cases, the expansion of potential transmission area, and an elevated lethality rate have been observed in this country since the 1980s. In particular, the lethality rate in the southeast region of Brazil ranges between 30 and 50%, with the States of São Paulo and Minas Gerais showing the most reported cases (4) (5) .
Between 1998 and 2013, 519 cases were confi rmed in State of São Paulo, out of which 80% (415) of cases were notifi ed in 31 municipalities of the Campinas region, which contains 90 municipalities with 6,218,275 inhabitants. Since 1985, BSF has occurred in endemic form in the Piracicaba River Basin, the region with the highest incidence of the disease in the state, although the spatial distribution is not homogeneous within this area (4) (Figure 1 ).
Following diagnostic and epidemiological surveillance standardization, the disease was identifi ed in many municipalities in the Campinas region. The results showed that the number of cases and the lethality rate increased during the period from 2007 to 2012. This increased lethality of BSF may be associated with improvements in diagnostic capacity and the investigation of deaths and the infrequent notifi cation of mild cases (6) .
Amblyomma sculptum is a species recognized today in Brazil as part of the Amblyomma cajennense complex, as a vector that maintains circulation of R. rickettsii in humans. This vector is distributed throughout most of the Americas, from the wetlands of northern Argentina to the contiguous regions of Bolivia and Paraguay and the coastal states and central-west Brazil (7) (8) .
Amblyomma sculptum ticks are strictly hematophagous and become infected by biting wild animals during the ricketsemia period. Transovarian transmission and transstadial perpetuation among ticks retains the disease in nature. Capybaras and horses serve as the main primary hosts for these ticks (9) . Several factors may be involved in the emergence and re-emergence of BSF due to special environmental disturbances in the biome (10) . A higher risk of rickettsia transmission is observed in grassland areas and ciliary rain forests, with proximity to water resources and with the presence of mammals such as horses and capybara, in the State of São Paulo (11) . Few studies have analyzed the risk factors associated with BSF and the vectors involved in transmission in Brazil and elsewhere. However, the environmental context was shown to affect the presence of hosts and nymphs and adults forms of Amblyomma at the forest edges, and factors such as occupational activities, leisure, and age have also been identifi ed as risk factors for BSF (5) (10) (12) (13) . The study area was the Piracicaba river basin, which crosses the region of Campinas in the State of São Paulo. This region comprises 65 municipalities and 4 cities of Minas Gerais. Figure 1 shows that the total area extends 370km, with a range of 15.303,67km 2 , and includes the basins of the Capivari, Jundiaí and Piracicaba rivers (PCJ) (14) .
METHODS

State of São Paulo
Defi nition of confi rmed cases
Confirmed cases of BSF followed the criteria of the Ministry of Health. Briefl y, these criteria included patients who presented the primary signals and symptoms of BSF (fever, headache, myalgia, exanthema and/or bleeding manifestation) and epidemiological antecedents associated with the following laboratory criteria: isolation of etiological agent in culture or serology in two samples taken within a range of 15 days; seroconversion of 4 times the baseline titer; and positive immune-biochemistry for Rickettsia spp (15) .
All BSF notifications were reviewed to separate the confi rmed and discarded cases from all of the cases investigated by the epidemiological surveillance fi eld team.
Data source and study variables
Variables such as sex, age, and date of onset of symptoms were obtained from the SINAN at the Ministry of Health. The geographic coordinates (X, Y) and environmental variables, such as pasture cleanliness, presence of riparian forest, degree of reforestation, hydrographics, and information about the presence of hosts and vectors (Amblyomma ssp., capybaras, horses, and dogs), were obtained from the fi eld epidemiological investigation records made by the SUCEN teams during the study time period.
Field investigations consisted of visits to BSF-suspected patients to identify the possible locations where they were parasitized by ticks. All confi rmed cases and approximately 50% of the most likely of suspected cases were visited by the fi eld team. After confi rmation of the existence of a transmission area, the area was not visited again. Environmental information was collected during the fi eld investigation, including factors such as the presence of rural or urban/peri-urban environment, use and occupation of land, and the presence of vectors and hosts. The ticks were captured using dry ice traps and the dragging of fl annel through vegetation, and the species were identifi ed using taxonomic keys (16) (17) (18) . Ticks were also collected from horses, dogs, and from the garb of professional fi eld investigators (captors). The geographic coordinates were recorded at the collection points for ticks and at the locations of capybaras via GPS (Global Positioning System) using the WGS84 South Hemisphere as a reference system.
Statistical analysis
After describing the temporal distribution (onset of symptoms) and environmental and demographic variables of confi rmed cases and discarded groups, a multiple logistic regression model was adopted using the confi rmed cases of BSF as dependent variables (case confi rmed = 1 and discarded = 0) and the independent variables described above. The variables with a p-value ≤ 0.25 in the univariate analysis were included in the model. In the fi nal multiple model, variables with estimates of association with p-values ≤ 0.05 via stepwise regression were included. The odds ratios (OR) and confi dence intervals (95%, CI) were estimated. Analyses were performed using R software, version 2.15.1, and graphics of temporal trend (incidence and mortality) were built using the Excel program v 10.0. 
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A total of 569 PLI were investigated with 210 (37%) confi rmed cases of BSF and 359 (63%) discarded cases. The frequency distribution of each study variable and the number of individuals of the species of hosts and vectors are described in Table 1 . More than one environment was studied in the PLI investigation of one case.
We found a predominance of cases among men (73.8%) and in the age group spanning 20-49 years (46.6%). The mean age of BSF cases was 27 years, ranging from 1-80 years. The incidence was higher in urban/peri-urban environments (69.1%) and in areas with riparian vegetation (44.4%). The presence of dogs, horses, and capybaras was recorded for both BSF and discarded cases.
There was a seasonal pattern to BSF disease, with more cases confi rmed between August and November. The monthly distribution of confi rmed and discarded cases was similar, as shown in Figure 2 .
According to multiple logistic regression analysis, the variables associated with BSF transmission included age (OR = 1.03 CI: 1.02-1.04), the presence of A. sculptum ticks in the environment (OR = 1.63 CI: 1.10-2.44), ticks collected from horses (OR = 1.94 CI: 0.99-3.76), the presence of capybaras (OR = 1.47 CI: 1.01-2.14), an urban/peri-urban environment (OR = 1.52 CI: 1.04-2.23), and the existence of a dirty pasture environment (OR = 1.76 CI: 1.03-3.01) ( Table 2) . 
DISCUSSION
The results of this study suggest that BSF transmission is linked to age and environmental variables such as urban/periurban areas, the existence of a dirty pasture environment, the presence of the A. sculptum vector, ticks collected from horses, and the presence of capybaras around PLI.
The risk of BSF disease increases with age, mostly affecting patients older than 10 years and young adults. The occurrence of disease in these age groups, particularly among men, as a result of leisure or work in peri-urban areas and basin regions has been described by several authors (5) (19) (20) . The average age of 27.4 years found in our study was similar to that described in Minas Gerais (26.5 years) among cases reported from 2000 to 2008 (20) . A study in sub-Saharan Africa reported a higher seropositivity to Rickettsia africae in individuals aged 36-45 years, which was linked to behavior or occupational exposures and leisure activities (12) .
Environmental factors such as climate, vegetation and land use are part of the natural focus of BSF. As suggested by Pavlovsky in 1939 (21) , the natural outbreak of disease relates to a specifi c landscape characterized by defi ned biotopes favorable to wild cycles of zoonoses (21) . The seasonality of the confi rmed cases was evident from August to November, coinciding with the immature stages of the tick, which show lower parasitic specifi city for hosts (5) . Furthermore, the unconfi rmed suspected cases presented the largest increase from August to November, confi rming a similarity among suspicion and notifi cation. In this study, the location of PLI was common in urban and peri-urban (62.4%) regions. Areas are classifi ed as urban or peri-urban areas if they are inhabited lands in the suburbs of towns that are located near river banks or urban public parks with tall vegetation and signs of degradation. The occurrence of disease in urban/peri-urban areas has implications for disease control, particularly focusing on prevention.
The presence of Amblyomma sculptum during the investigation of PLI and the identifi cation of horses infested by this species of tick indicates high vector infestation in areas where cases have been confi rmed. Large infestations were also recorded in São Paulo and Minas Gerais (16) (22) . Horses have been considered an important link in the movement of rickettsias because they are the primary hosts for Amblyoma sculptum and serve as sentinels of human cases (22) (23) . Primary hosts are essential for the amplifi cation and maintenance of ticks in the environment; without these hosts, the tick cycle is impeded, and its abundance is reduced.
Although not susceptible to infection, equines provide a host for tick maturation and serve as sentinels in animal serum epidemiological studies, showing the distribution of the disease and predicting human cases (23) .
In this study, the presence of dirty pastures and riparian forests reinforces the relevance of these environments as favorable to BSF because they concentrate the vectors and enable amplifi cation of R. rickettsii (24) . Humans enter this environment as accidental hosts of the infectious agent.
An increase in infestation of mammals by infected ticks leads to a transmission risk of BSF to humans (3) (6) . This transmission is a consequence of ecosystem degradation, resulting from irregular occupation, agriculture and livestock advance in natural areas, as well as an increase in capybara (Hydrochoerus hydrochaeris) due to lack of natural predators (10) (13) (25) .
Until the mid of XX century, BSF was typically described in rural regions in Brazil, similarly to other parts of the world 1 . However, since the 1990s, BSF transmitted by A. sculptum has spread to urban and peri-urban areas as well (11) . In the present study, the presence and abundance of A. sculptum were strongly associated with areas of medium and dense vegetation cover, such as dirty pastures, barns and riparian forests. In the region of Campinas, the presence of riparian forest is likely the cause for increased A. sculptum vector frequency and transmission of BSF, as this ecosystem hosts large populations of capybaras (26) .
Ecological factors have been associated with higher seropositivity for spotted fever in African villages in rural areas, demonstrating that wetter forest areas are at higher risk of transmission of BSF (12) .
Another factor associated with disease transmission in the Piracicaba River Basin was the presence of capybaras in PLI. The tick vector species A. sculptum employs the capybara as the main amplifi er host of R. rickettsii in the region. In São Paulo, especially in the area of our study, the ecological scene has undergone change since the 1980s, following government incentives for the production of alcohol for fuel, involving increased cultivation of sugar cane and the destruction of riparian forests. During this period, laws for wildlife protection also prohibited hunting in the State of São Paulo. The combination of these two factors favored an increased population of capybaras, a primary host for A. sculptum.
Although the capybara is not a reservoir of R. rickettsii, it serves as an excellent host amplifi er and is a disseminator of the bacteria, which can infect 30% of the ticks that feed on capybaras during the period of rickettsemia (24) .
Rickettsia rickettsii was recently isolated in Amblyomma sculptum ticks collected in capybaras in a residential condominium in an endemic area of São Paulo, thus confi rming the aforementioned assumptions (27) . The association of confi rmed cases in the presence of capybaras in this study is consistent because the investigation of all suspected cases of BSF occurred in situations with clinical evidence and an epidemiological history of disease, including contact with hazardous environments and the presence of host species. The identifi cation of discarded cases, therefore, represents a limitation of this study and may have contributed to misclassifi cation between cases and controls, as it is possible that false negative cases were enrolled in the control group. Thus, estimators of chance of BSF confi rmation (OR) may have been biased towards the null hypothesis, i.e., no association. Nonetheless, the association persisted in the fi nal model. In addition, some cases of BSF may have been discarded and undiagnosed due to lack of timely collection of biological materials. Classifi cation bias may also have driven our estimations towards the null hypothesis. Nevertheless, the variables that remained statistically significant in the fi nal multiple logistic model serve as predictors of transmission.
In short, the confi rmed cases of BSF in high-incidence areas in the State of São Paulo reinforce the trend of urbanization of this disease in degraded peri-urban peripheries. The presence of ticks and capybaras during the investigation was remarkable and should be valued in future fi eld investigations. Control measures focusing on the elimination of dirty pastures and the prevention of human contact with areas of host and vector species should be employed to control the transmission of BSF.
